In a consummatory experiment patterned after previous work with rats and goldfish, successive negative incentive contrast was sought in didelphid marsupials of two species (Lutreolina crassicaudata and Didelphis albiventris). Half of the subjects of each species were trained from the outset with a 32% sucrose solution and shifted occasionally to a 4% sucrose solution; the rest, which served as controls, were trained only with the 4% solution. The positive results obtained (less response to the 4% solution in the shifted subjects than in the controls) fit the hypothesis, based on comparative work with descendants of older vertebrate lines, that the mechanism of successive negative incentive contrast evolved in a common reptilian ancestor of birds and mammals.
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Although the fashion of recent years among ethologists and comparative psychologists with little knowledge of learning has been to denigrate "general process" theory, there are many phenomena of learning that can reasonably be assumed, on the basis of the taxonomic diversity of the animals in which they are found, to be common to vertebrates and understandable in terms of common principles. Competent evidence of evolutionary divergence in learning is, in fact, far more the exception than the rule, and of special interest for that very reason.
Our concern here is with "successive negative incentive contrast," a phenomenon well known in rats that has failed to appear in animals of certain older vertebrate lineages (Flaherty, 1982) . The phenomenon is important, of course, as the first, and still perhaps the most powerful, evidence of learning "about" reward and of the control of behavior by remembered (associatively reinstated) consequences of previous actions (Hull, 1952; Tolman, 1932) . When rats are shifted to a less preferred reward after instrumental training with a preferred reward, they perform more poorly for a time than do control animals Th~s research was done at the Umversity of Buenos A~res with support from the Consejo Naclonal de Investigaciones Cientificas y T6c-nicas of Argentina. The participation of M. E. Bitterman was made possible by a Fulbvight fellowship We are indebted to Omar Iod~ce for advice on the care of the animals and to William Hodos for helpful comments on a draft of the manuscript. Requests for repnnts should be addressed to Mauricio R. Papini, B~k~sy Laboratory of Neurobiology, 1993 East-West Road, Honolulu, HI 96822 trained from the outset with the less preferred reward (Crespi, 1942; Elliott, 1928) , but the performance of shifted goldfish may continue to be better than that of the controls or, if impaired at all, does not fall below the control level (Bitterman, 1984; Gonzalez, Ferry, & Powers, 1974; Gonzalez, Potts, Pitcoff, & Bitterman, 1972; Lowes & Bitterman, 1967; Mackintosh, 1971) . Corresponding results have been obtained in consummatory experiments. Rats given access to 32 % sucrose in a series of daily sessions and then shifted either to 4% sucrose (Flaherty, Becker, & Checke, 1983) or to 32 % sucrose adulterated with quinine (C. F. Flaherty, personal communication, 1985) do not take as much of it as do control animals that have experienced only the less preferred food, but goldfish continue to take more of an attractive food after it has been adulterated with quinine than do control animals that have experienced only the adulterated food (Couvillon& Bitterman, 1985) . Successive negative incentive contrast has been found in monkeys (Tinklepaugh, 1928) and chimpanzees (Cowles & Nissen, 1937) as well as in rats, but has failed to appear not only in goldfish, but also in toads (Schmajuk, Segura, & Ruidiaz, 1981) and painted turtles (Pert & Bitterman, 1970; Pert & Gonzalez, 1974) .
On the basis of these comparative results together with a demonstration of the spaced-trials partial reinforcement effect in pigeons (Roberts, Bullock, & Bitterman, 1963) , it is tempting to speculate that successive negative incentive contrast reflects the operation of a mechanism that evolved in some common reptilian ancestor of birds and
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mammals (Bitterman, 1986) . Three assumptions underlying this hypothesis should be made explicit. One is that the failures with fishes, toads, and turtles are not due merely to insensitive or otherwise inappropriate experimental methods, and a second is that the results for the particular species studied can be generalized to the lineages they are taken to represent (cf. Mayr, 1968) . Skeptics may wish to look further for the effect with different methods or in different species of the same lineages. A third assumption is that successive negative incentive contrast is an important component of the spacedtrials partial reinforcement effect (more rapid extinction in consistently than in inconsistently rewarded animals), which occurs only with large rewards and reflects precipitous decline in the performance of the animals confronted with nonreward for the first time ( , but our speculation is that the contribution was more direct--that whatever advance is represented by the mechanism of successive negative incentive contrast can be credited to the reptiles themselves. In this view, the effect should be found not only in birds (where it has not yet been sought directly), but also in crocodilians (sole survivors of the ruling reptiles from which birds are descended), and in monotremes and marsupials as well. The easiest experiments to contemplate, of course, are with pigeons or birds of some other species for which efficient training techniques already are available, but in the special circumstance of our collaboration in Argentina it seemed reasonable to turn--despite a paucity of information about their learning (Kirkby, 1977; Papini, 1986)--to marsupials. The two species we studied, both of the family Didelphidae, adapt reasonably well to laboratory conditions and come fairly readily to take food in a small enclosure. We chose, therefore, to begin with a simple consummatory experiment. Half the subjects of each species were given repeated access to a preferred food and then shifted occasionally to a less preferred food, while the rest served as controls, being given only the less preferred food.
METHOD Subjects
The subjects were 13 red opossums (Lutreolina crassicaudata)--9 males, 4 females--and 9 white-eared opossums (Didelphts albiventris)--8 males, 1 female. The weights of the animals varied considerably, with no overlap between species. The red opossums weighed between 240 and 980 g (with males tending to be heavier than females); the white-eared opossums weighed between 1,040 and 3,320 g (showtng no sexual dimorphlsm in body size). All of the animals were adults, captured in the wild, and maintained m indlwdual cages under laboratory conditions for at least 2 months before the beginning of the experiment. After their free-feeding weights had stabilized, the animals were put on a 24-h feeding schedule, which resulted in a temporary weight loss of about 10%. The red opossums, which were lighter in weight and took food less readily than the white-eared opossums, had 2 h of access to food and water each day; in the interim, they were deprived of both food and water to encourage drinking in the experimental situation. The white-eared opossums, which took food more readily, had only 1 h of access to food each day and unrestricted access to water. The natural day-night cycle prevailed in the windowed animal room, where a temperature of 22°C was maintained.
Apparatus
The experimental chamber was 54 cm long, 33.5 cm wide, and 31 cm high. The longer (lateral) walls were of clear Plexiglas; the other walls and the ceiling were of alununum. The floor was made of aluminum bars. The chamber was dimly illuminated trom abowb y a 3.6-W lamp, and a small speaker produced a 70-dB white background noise. Mounted on the front wall was a drinking tube--its orifice 2.5 cm above the floor--which contamed sucrose solution. The tube was graduated to provide a measure of the am3unt of solution consumed in each experimental period. Aluminum plates were situated at either s~de of the orifice just far enough apart to admit the animal's head, and a photocell was used to detect proximity of the head to the orifice. The photocell relay connected the output of a pulse generator to a digital counter, thus providing a measure of drinking time. The control equipment was located in an adjoinmg room, from which the animal in the chamber could be observ~:l through a one-way window.
Procedure
The subjects of each species were diwded into 2 groups that were designated Group 4-4 and Group 32-4. Because of the se~:ual dimorphism in the body size of the red opossums, 2 of the 4 fez-aales were assigned to each group. The subjects of Group 4-4 were trained throughout (in all 44 daily sessions) with a 4% sucrose solution, which was determined in prehminary tests to be the lowest sucrose concentration that the animals would take w~th some consistency. The subjects of Group 32-4 were trained from the outset with 3 2% sucrose solution and tested from time to time with a 4% solution. There were 4 such down-shifts. In Shift 1, there were 4 4% sessions following 12 32% sessions, and the same was true of Shift 2. In Shift 3, there were 2 4% sessions following 4 32% sessions, and the same was true of Shift 4. For each animal, there w~s a single pretraining session consisting of a lO-min period of habi~t-uation to the chamber. Sucrose solution of appropriate concentration was available from the outset of each subsequent training session, which lasted for 5 min after the first activation of the photocell circuit by the animal. The total amount (in milliliters) of the solution consumed and the total drinking time (in seconds) ~ n each session were measured.
RESULTS
In Figure 1 , the results for the two species are plotted in terms of the mean amount consumed in eac]a session. The white-eared opossums, which drank more than the smaller red opossums, did not show as strong a preference for the higher sucrose concentration, evidence perhaps of a performance ceiling. Successiw~ negative contrast is not, of course, precluded, even where there is no difference at all in preshift behavior (Gonzalez, Gleitman, & Bitterman, 1962) , but actually may be more evident under such conditions because of the greater remove of the control behavior from the performance floor. In any case, each of the shifts showed contrast (less consumption by Group 32-4 than by Group 4-4) except the first for the red opossums, where the control animals still were drinking very little. An overall analysis of variance based on amount consumed in the first session of each of the 4 shifts for both groups of both species shows the contrast effect to be statistically significant [F(I, 18) for groups = 6.64, p = .0190]. Consumption of sucrose was significantly greater for the white-eared than for the red opossums [F(1,18) for species = 14.48, p = .0013], but the magnitude of the contrast effect did not vary significantly with species [F(I, 18) for the interaction of groups × species = 2.48, p = .1323], or as a function of repeated shifts [F(3,54) for the interaction of groups × shifts = 1.92, p = .1370].
In Figure 2 , the results for the two species are plotted in terms of mean drinking time. These curves are very much the same in pattern as those for amount consumed, with negative contrast appearing in every shift except the first for the red opossums. An overall analysis of variance again shows a significant contrast effect [F(1,18) for groups = 5.53, p = .0303], a significant species effect [F(1,18) = 18.17, p = .0005] , and an insignificant groups × species interaction (F < 1). For the time scores, however, the magnitude of the contrast effect varied significantly as a function of repeated shifts [F(3,54) for the interaction of groups × shifts = 3.45, p = .0331]. It should be noted explicitly as an exceptional case that the distributions of the time scores were such as to permit analysis of variance without transformation.
DISCUSSION
This experiment with marsupials provides both direct and indirect support for the hypothesis that successive negative incentive contrast reflects the operation of a mechanism that evolved in some common reptilian ancestor of birds and mammals. The support is direct in that the positive results obtained are predicted by the hypothesis. The support is indirect in that the positive results add to our confidence in the negative results obtained in work with other species. Since there is no reason to believe that the method employed here is more powerful than all of the various methods employed in experiments with fishes, toads, and turtles, we are encouraged in the belief that the effect failed to appear in those animals because it was not there.
In contributing to the meaningful pattern of results obtained in these comparative experiments on contrast--meaningful with respect to the evolutionary relationships among the species compared--the present work serves also to support the underlying strategy (Bitterman, 1960 (Bitterman, , 1975 . It has been suggested that comparisons of such distantly related animals as "teleost fish, turtles, pigeons, rats, and monkeys ... do not permit generalizations to be made about the evolution of intelligence or any other characteristic of these organisms" (Hodos & Campbell, 1969, p. 345) ; that if the results of comparative studies "are to be meaningful in terms of present-day interpre- tations of the evolutionary history of vertebrates," the animals compared "should be descendents of a common lineage" (Hodos, 1970, p. 37) ; and that "we must not expect to find smooth progressions from one major taxon to the other" (Hodos, 1982, p. 53) . The contrast results, fragmentary as they are, clearly permit a meaningful generalization about a smooth progression, which may, of course, at any moment be proved incorrect by new experiments with other species of the same or different lineages--generalizations are born to be contradicted. There may in fact be no such progressions, but if there are (which we simply have no good reason to doubt), they will not be found until we look for them in comparative experiments with animals of different lineages.
